[3+2]-Cycloaddition reactions of N-phthalimide substituted tricyclic imide were studied to synthesize their isoxazoline and bispiro derivatives in excellent yields. All new synthesized compounds have been characterized by their FTIR, 1 H NMR,
INTRODUCTION
In recent years, tricyclic imides have been found in many drug molecules. Ocal and co-workers (1-3) have also conducted various investigations on tandospirone which is an antidepressant in Asia and has tricyclic imide structure (4) (5) (6) . Imides are also very useful intermediates in the synthesis of various natural products (7) (8) (9) (10) (11) (12) .
In the class of heterocyclic compounds which form the basis of the drug chemistry, isoxazolines have an important place in terms of biological activity due to the oxygen and nitrogen atoms in their structure, are commonly found in natural compounds and pharmaceuticals; they are also versatile synthetic blocks in organic synthesis (13) (14) (15) (16) (17) (18) (19) (20) (21) .
The most important place in the formation of the isoxazoline, the five-membered ring at the stages of organic synthesis is [3 + 2] -cycloaddition reactions. In this study, 1,3-dipolar adducts were obtained with oximes to obtain the isoxazoline ring (22) (23) (24) . On the other hand, the reaction of azomethine ylides as 1,3-dipoles (3, 25) with olefinic dipolarophiles forms highly substituted five-membered ring nitrogen heterocycles. This extremely versatile and atom-economical process has been applied toward the syntheses of substituted prolines, which can be used as new catalysts (26, 27) and served as important motifs in many biologically active molecules (28) (29) (30) .
EXPERIMENTAL

Materials and Methods
All reagents and solvents were obtained from commercial suppliers and were used without further purification. The solvents were dried by standard procedures. Reactions were monitored using TLC. Visualizations of the chromatograms were performed with UV light, KMnO4 or Vanillin stain. All melting points are uncorrected and were determined on a Gallenkamp digital thermometer. IR spectra were obtained with a Perkin Elmer Spectrum One FTIR Spectrometer and are reported in terms of the frequency of absorption (cm -1 ).
H NMR and
13
C NMR spectra were recorded on a Bruker Avance III-500 MHz NMR spectrometer relative to tetramethylsilane, with coupling constant (J) values in Hertz (Hz). Peak multiplicities are designated by the following abbreviations: s, singlet; d, doublet; dd, double doublet; t, triplet; dt, double triplet; m, multiplet; br, broad. Mass spectra were measured on an Agilent 6890N/5973 GC/IMSD system. High-resolution mass spectra were acquired in the positive ion mode using an Agilent G6530B TOF/Qtof Mass spectrometer.
Synthesis and Characterization
Synthesis of Bicyclic Endic Anhydride (1) (31)
Bicyclic endic anhydride 1 was prepared with freshly distilled cyclopentadiene and maleic anhydride in ethyl acetate at 0 °C with the known procedure (31 
Synthesis of N-(1H
Compound 2 (0.890 g, 5 mmol) was dissolved in 10 mL of acetic acid. Phthalic anhydride (0.740 g, 5 mmol) was added to the solution. The resulting mixture was stirred at reflux overnight.
After cooling room temperature, saturated NaHSO3 solution (50 mL) was added, and the mixture was extracted with EtOAc. The aqueous layer was dried over MgSO4, filtered, and concentrated.
The product obtained as a brown solid (32 General procedure for the synthesis of oxime derivatives 6-9
Oxime derivatives were prepared with aldehyde, hydroxylamine hydrochloride, and sodium carbonate in ethyl alcohol at room temperature with the known procedure (33) (34) (35) . A solution of hydroxyl amine hydrochloride (0.417 g, 6 mmol) in 0.5 mL of water and a solution of Na2CO3 in 1.5 mL of water were added drop wise to the solution of an aldehyde (2 mmol) in 1.5 mL of ethyl alcohol, respectively. Resulting solid was filtered and purified by recrystallization from alcohol. .
4-Chlorobenzaldehyde oxime
General procedure for the synthesis of compounds 10-13
The compound 3 (0.154 g, 0.5 mmol) and oxime derivative (p-chlorobenzaldehyde oxime, 2,4-dimethoxybenzaldehyde oxime, p-methylbenzaldehyde oxime, or thiophene-2-carbaldehyde oxime, respectively) (0.5 mmol) was dissolved in 4 mL of dichloromethane. A solution of NaOCl (0.6 mL) was added drop wise to the reaction mixture at 0 °C. The resulting mixture was stirred at 0 °C overnight. After completion of the reaction, the mixture was extracted with dichloromethane (3x10 mL). The organic phase was dried over MgSO4, filtered, and concentrated. 
3-(4-Chlorophenyl)-6-(1,3-dioxoisoindolin-2-yl)-4,4a,8,8a-tetrahydro-3aH-4,8-methanoisoxazol[3,4-f]isoindole-5,7-dione (10)
3-(2,4-Dimethoxyphenyl)-6-(1,3-dioxoisoindolin-2-yl)-4,4a,8,8a-tetrahydro-3aH-4,8-methanoisoxazol[3,4-f]isoindole-5,7-dione (11)
Yellow
3-(4-Methylphenyl)-6-(1,3-dioxoisoindolin-2-yl)-4,4a,8,8a-tetrahydro-3aH-4,8-methanoisoxazol[3,4-f]isoindole-5,7-dione (12)
White
3-(Thiophen-2-yl)-6-(1,3-dioxoisoindolin-2-yl)-4,4a,8,8a-tetrahydro-3aH-4,8-
methanoisoxazol [3,4- 
RESULT AND DISCUSSION
In this study, we synthesized bicyclic endic anhydride 1 by Yamamoto's procedure (31).
Thereafter, compound 2 was synthesized from the reaction of hydrazonium chloride and bicyclic endic anhydride 1 in benzene at room temperature (32) . We continued to prepare N-phthalimide substituted tricyclic imide 3 from compound 2 using Kas'yan procedure (32) (Scheme 1).
Scheme 1: Preparation of Compounds 1-3.
Our purpose is to prepare new N-phthalimide-substituted tricyclic imide with bispiro-functional group because of their importance in biological activity. In order to achieve this purpose, we Our other goal is to prepare new N-phthalimide-substituted tricyclic imide with isoxazoline group.
Because of our synthetic strategy, we firstly synthesized oxime derivatives 6-9 with known procedure in excellent yields (33-35) (Scheme 4).
Scheme 4:
Synthesis of oxime derivatives 6-9.
In the next step, we synthesized new tricyclic imide derivatives bearing isoxazoline ring 10-13 with 1,3-dipolar cycloaddition reaction using oxime derivatives 6-9 as starting materials in dichloromethane solvent system at 0 °C (Scheme 5).
Scheme 5: Synthesis of compounds 10-13.
Overall, we designed and synthesized new bispiro functionalized tricyclic imide molecules and tricyclic imide molecules containing isoxazoline ring as possible anti-cancer agents. We showed the similar results and confirmed their structures.
In addition to the 1 H-NMR, 13 C NMR and FTIR spectral data which were in agreement with the proposed structures, LC-MSMS (Qtof) results of all new compounds showed the expected accurate mass with hydrogen additions.
CONCLUSION
In conclusion, we synthesized tetracyclic systems that we hope will demonstrate new anti-cancer activity by applying azomethine ylide [3+2]-cycloaddition and 1,3-dipolar cycloaddition reactions to the N-phthalimide substituted tricyclic imide molecule. Further work toward exploring anticancer activity of all newly synthesized compounds with MTT essay will be forthcoming.
